SCide is a program to identify stabilization centers from known protein structures. These are residues involved in cooperative long-range contacts, which can be formed between various regions of a single polypeptide chain, or they can belong to different peptides or polypeptides in a complex. The server takes a PDB file as an input, and the result is presented in graphical or text format. Availability: SCide is available on the web at http://www. enzim.hu/scide. The source code can be obtained from the authors on request. Contact: zsuzsa@enzim.hu
The analysis of contacts present in protein structures can help to elucidate the difficult relationship between the 3D structure and the sequence encoding it. The three-dimensional structures are strongly related to the thermodynamic properties of proteins (Gromiha et al., 2002) . Mutational studies as well as analysis of conservation patterns in proteins suggest that only a small portion of the residues are indispensable for the protein for defining its fold, and ensuring its folding and stability (Reddy et al., 2001 ). Yet, identifying the relevant positions is a challenging problem even with the knowledge of the structure. Earlier analyses identified some important contacts by locating dense residue clusters, mainly of hydrophobic character (Zehfus, 1995; Kannan and Vishveshwara, 1999) . Different aspects of structural requirements can be investigated by focusing on short or long range contacts, since folding is dominated by short-range interactions, while long-range contacts are more likely to play an important role in ensuring stability of the structure and preventing its unfolding (Dosztányi et al., 1997; Baker, 2000) .
The SCide program is intended to select stabilization centers (SCs), i.e. amino acids involved in contacts which are important in maintaining the stability of a protein. Two residues are defined as forming a long range contact if they are at least 10 amino acids apart in the sequence, and * To whom correspondence should be addressed.
they have at least one heavy atom separation smaller than the sum of their van der Waals radii plus 1Å. From these contacts, two residues are defined as SC elements when it is possible to select one-one residues from both flanking tetrapeptides of the two residues such that three residues from each segment make at least seven contacts out of the possible nine. For more details about stabilization centers and their properties in proteins the reader is referred to our earlier work (Dosztányi et al., 1997; Dosztányi and Simon, 1999) . The original definition worked at the level of single chains. There is a growing number of examples, however, of cases where a protein chain is not stable by itself, but acquires stability through interactions with ligands or with other chains (Simon et al., 2000; Dyson and Wright, 2002) . Therefore, the definition is extended so that it is now possible to calculate interchain stabilization center elements as well.
The sequence environment of amino acids involved in stabilization centers was different from residues not involved in SCs. Training an artificial neural network, the location of SCs can be predicted from the sequence with an accuracy of 65% using single sequence information, and with 68% when multiple sequence information is used (Dosztányi et al., 1997) . For this prediction there is a server available at http://www.enzim.hu/scpred/.
While information about positions likely to be involved in long-range contacts can aid structure prediction, knowledge of the localization of stabilization centers is also useful for proteins with known structures. Generally, stabilization centers can be used to explain the structural conservation of residues involved neither in folding nuclei nor at active sites (Wallace and Matthews, 2002) . Stabilization centers were also suggested to contribute to thermostability (Simon et al., 2001) , and comparison of SCs in structurally similar proteins was used to test possible evolutionary relationships for cases of distant structural similarity (Fuxreiter and Simon, 2002) . Interchain stabilization centers formed between an MHC and its ligand were shown to be involved in maintaining and controlling the stability of the MHC molecules (Simon et al., 2000) .
Here we present our server used to identify stabilization centers within or between protein chains. The structure file can be specified by the appropriate PDB code, or it can be uploaded by the user. Many structures, even at higher resolutions, contain gaps. To keep the correct sequence separation even in these cases, the sequence given in the SEQRES record is used as a reference, and it is matched with the sequence derived from the coordinates. In our experience, sequence alignment methods a natural choice in similar cases can fail unless the chain connectivity is taken into account. The analysis can be narrowed down to a region, or to contacts between two regions, using either strict sequential numbering or the residue number given by the PDB file.
The results of SC identification is presented in text or graphical format. Both output types show the sequence of the whole molecule given in the PDB, with the positions of intra-and interchain stabilization centers marked separately. The graphical output provides a clickable image of the contact map for the specified region. The size of this picture is fixed, but it is zoomable to overlapping squares of 100 by 100 amino acids. Within this matrix, clicking to points of stabilization centers brings up the detail of the contact map, showing the interactions which contribute to the formation of the SC (Fig. 1) . Viewing the graphical output requires the installation of Shockwave Flash player (version 4.0 or above) plug-in. Alternatively, the text output lists the amino acids indicating the partner amino acids for the stabilization centers. The two types of output have different advantages. The SCs marked in contact map give a quick overview of the structure, showing how the contacts and the stabilization centers are distributed in the contact matrix. The text output, on the other hand, has been kept simple so that it is readable by any kind of browser and is suitable for automated analysis.
In summary, the SCide server (http://www.enzim.hu/ scide) offers great flexibility in analyzing contacts in protein structures by allowing the user to focus on specific regions, or to narrow down the large number of contacts to a subset that has a more significant role in determining protein stability.
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